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AN AIRBORNE S-BAND RACON POR ROOSTER OPERATION 


Abstract 
AN/APN=6, algo knom as BAS, 19 a range-coded, airborne, 
Sband beacon which replies on the standard beacon frequency of 3256 mo 
to any standard airborne radar operating in the S, band 3300 + 33 me. 
The equipment was developed at the request of the Services for use as 
® "Rooster® whose function is to call friendly aircraft to an enemy ob- 
Jeotive. The requested range performance was 100 miles; however, it was 
found that rangus of at least 200 miles are readily achieved within the 
Weight limitation of about 100 1b. At the time this program wes termina- 
ed, about January 1, 1944, we had completed our tests with the “oniak and & 
dinty* prototype discussed in this report. This prototype contained the 
basic: beacon components but had not yet been engineered for minimum weight 
and power consumption. 
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Introcuction 


While the S-bnan@ beacon described in this report was 
gesifenecd expressly was a "Rooeter", Lb Gontaine a number of recent 
developments in beaconry whieh have votentalities for other applic 
ations where a long range beaoon is needed, Through the wee of a 
‘guperbeterodyne receiver and the low voltage magnetron (2158), a 
Better balance between Yeneiver seneltivity and transmitter power 16 

achieved than in the presents ground besacone which employ erystal 
P= vViteo vecelvers, Also noteworthy te the simplification of tne 
 -antentia syeatem though duplexing. 


oh 


Late in 1948 when the trend toward }~band beaconry was 
imminent, an airborne beacon was designed which was readily convert- 
ible to X-band by interchanging 5 and x r.f, plumbing and substitut- 
ing the LVA magnetron RCA-116 for the 2J38, The 4A-~band version, 
Known as BAX, did not eeme Go fruition due to the termination of this 
program in February 1944, However in the bench tests that were made 
it did demonstrate capabilities equal to BAS, 

' , 


The trend now in an airberne X-band beacon is towerd 2 
ye Short range ( 25 mi.) beacon with emphasis on light weight and low 
_ power consumption, considerably under what can be attained with the 
present design, Thig beacon Ls to be deelgned around the new "very 
, low" voltage magnetron (RCA-121) and the crystal video receiver, 
' It might be pointed out that the subetitution of the VLYX tube for 
the LVA in the present BAX would yield a beacon of intermediate 
Tange performance (up to 100 wi,) with considerable reduction in 
Weight and power consumption. 7 


SECTION {I 


General Description of the Beacon 


AN /APN-6 alag known ae BAS is an alrborn® beacon, tapablé. 
of responding autonmatioglly to interrogations from btandard o-band 
radar. It must respond to teo microsecond interrogation pulsss and 
reject one microsecond search pulses. It miet be capable of recGiv- 
ing and traneamitting signals in all Girections. Aocepted interrog- 
ation pulsea must catise the begoon to transmit a coded output which 
ean be used to locate and identify the beacon, | 


if 


| BAS ja the S-band “Rooster”, The tactical functlon of a 
"Rooster" is to call friendly siveraft to an enemy objective which 
has been discovered by a plane equlpp|ed with a beacon, The plane 
cipoled over the objective with tte beagon burned on-and friendly 
airorart reach the objective by homing on the beaeon. 


“New dedipnation Br. 




















SECRET 


Ti. 


Lhe AGQUETICSG OF events taking place Irom the time a pulse 
ie received until coded signals are tranemitted can be shown with 
. rie _ sm i =a i = > r a kh —_ i 4 i ‘ rs J = | = A : = Yt = pi 
the aid of the block diagram figure (1), A received signal is 


picked up by the non-directional antenna and’ 4s fed into the mixer 

where 1t beats with r.f. from the local oscillator. The resulting 

I.F. 146 amplifted and detected by the superhetercdyne receiver with 
as little pulse stretching as possible. 


To cover the 65 me scatter band with a 55 mc, I.F. the 
local oscillator is awitched alternately to two different frequen- 
Cles. The signal is then fed into a discriminator circuit which 
passes the two microsecond interrogation pulses and rejects the one 
microsecond search pulset. Accepted signals are then fed into a duty 
cycle limiter whose acceptance level is determined by the number of 
interrogators. The signals are then fed into a gating circuit which 
forms a 200 microsecond gate for each accepted signal; this circuit 
therefore rejects all signals following the accepted ones by less 
than 200 microseconds. If this were not done strong tranemitted 
beacon signals entering the receiver either by leakage or reflection 
might cause "singing". The signale are next fed into a coder circuit 
which presents a series of suitably spaced pips to the modulator, 
The modulator is triggered by these and supplies one-half microsecond 
negative pulses which the magnetron transmitter converts into r.f. 
pulses, The r,f. pulses are then fed through a single stub tuner 
to the antenna, The single etub tuner provides a variable reactive 
load on the magnetron for accurately setting the frequency To 
prevent firing of the beacon transmitter by the radar which may 
accompany the beacon in some installations, a blanking circuit is 
provided which is triggered py a video signal from the radar 


SECTION III 


Technical and Military Requirements 
; The following basic requirements are a composite of 
military requirements for a "Rooster" laid down by the Services at 

& conference on Military Characteristics of Portable Beacons held 
in the Radiation Laboratory May 3, 1943, and technical requirements 


“se hg On tests with the Radiation Laboratory BAS electrical proto- 
ype, | 


1. Frequency 


The beacon must respond to any standard radar in the S-band 
3500 * SS me and reply on a frequency of 3256 mc. The 
beacon frequency must be stabilized to 7 1 me for all 
changes in load and for temperature changes of + 25°C 
within the limits ~40° to +500C. . . 


2. Range Performance 


The line of sight range must be 100 nautical miles with a 
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The antenna must be non-directional in azimuth and have 
&8 large a beam width in elevation as practical to allow 


beacon Operation when the airplane is banking. A beam 
width of at least 459 is desirable. The antenna must be 


48 small as possible and stream-lined to minimize drag on 
the airplane. See Section (VII-1) 


DL 8crimination 


The beacon must accept all interrogation pulses greater 
Chan 2.0 microseconds and reject all one microsecond 
Search pulses. To keep the circle of acceptance for 
Search pulses email, pulse stretching in the receiver 
Must be minimized. See Sections (VI, VII-4) 


Coding 


A range code must be provided “onsisting of two, three or 
four pulses, permitting a selection of eleven codes. The 

Spacing between the successive pulses must be 12-15 micro- 
Seconds for the short intervals and 35-45 microseconds for 
he Long intervals; long and short intervals and number of 
Pulses to be adjustable at will from a remote control box. 


See Section (VII-7) 


Detress Signal 


A distress signal which is not one of the code combinations 
18 desired: See Section (VII-7a 


- fural monitor must be provided for monitoring the output of 
© receiver and the discriminator. See Section (VII-5) 


A "*lanking" circuit must be provided to render the beacon insen- 


8itive to the "main bang" of the radar which may accompany the 
°€c¢on in some installations, See Section (VII-6) 


Contro) g 


All controls for turning on the beacon power, selecting the 
Code, switching on the distress signal, and aurally monitor. 
ing the beacon must be contained in a remote control box 
which may be as much as twenty feet from the beacon, 


See Section (VII-11) 
Trattic Handling Capacity 


The maximum duty cyole performance is fixed by the tactical 
requirements. It is assumed that when the beacon is funct- 
toning as a "Rooster", the traffic will be gmall since not 


a a 
ut the i! 
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f7riis the range and bh! AR and h'p of 
the radar and.the beacon above, 4 plane surface tangent to the 
point on the earth where the "water" ray is optically reflected. 
For a flat earth h'p and h'; would be the true altitudes. For 
example if both planes are flying at 10,000 ft. and are separated 
88 nautical miles /r = 600 ft: if they are separated 176 nautical 
Miles at the same altitude “r= 3 mi. Since the null separation 
depends on » the nulls are unobjectionable at short ranges, say 





sf less than 50 miles, even at low altitudes. In the extreme case of 
high flying craft at short range, only the direct ray need, of 
course, be considered. A sacrifice in range performance is to be 
¥F expected near the horizon; i.e., forr> h'p h'p . At this point 
ras 


the power is attenuated according to the inverse fourth power of 
the range. Thus it is clear that for ranges under 100 miles and 
reasonably high altitudes the nulls are too close together to be 
objectionable. 


1. Receiver Sensitivity 


For any radar, the beacon receiver sensitivity and 
transmitter power necessary to overcome the inverse square 
attenuation and null loss can be caloulated from elementary 
principles. Values for the receiver sensitivity® for 
reliable operation with ASG radar are given in Table (I). 
he S is defined as the receiver sensitivity necessary to give 
| & tangential signal (3 times noise) at the receiver output 
| at the half power points of both the radar and beacon 
ia antennas. The peak power of the ASG-3 radar is taken equal 
to 25 KW, and the radar and beacon antenna gains are taken 
equal to 500 and 3 respectively. 


Table I 








nautical miles depth of nulls in db S (receiver sensitivity 


ae watts) 
50 O «41.2 xX 1078 
100 0 2.9 X 1079 
100 10 2.9 X 10710 
200 0 O,? X 10-9 
200 10 0,7 x 10-10 


For complete suppression of "nulls" a receiver sensitivity 
of 2,9 X 10740 watts is needed. For a partial suppression of 
“nulle" the value must lie between 2.9 X 10-10 ana 2.9 X 10-9 
watts. This requirement demands a superheterodyne receiver. The 
Sensitivity of the superheterodyne receiver employed in BAS 1s 
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“10-40 watta, sufficient for ranges up to about 200 miles 
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Tranemitter Power 


In calculating the beacon transmitter power, the 
Padar T.R, loge must be added to the inverse square attenuation 
and "null" effect, This loss arises from the “off-~frequency" 3 
Operation of the beacon. For example with a radar operating | 
at 5333 me, a beacon pulse of S256 me takes a 20-30 db loss in 
Betting through the T.R. Values for the transmitter power for ! | 
reliable Operation with ASG are given in Table (II). Pisa the 
Peak power in watts required to give a signal equal to noise 
On a radar at the half power points of both the radar and 
beacon antennas. The radar receiver sensitivity (noise level) 
18 taken equal to 5X 10-15 watts, 


Table I! 





Nautical miles depth of nulls db T.2. loss db P (transmitter 
| | power peak 





| = Ss oe ma. watts. 
50 0 0 . 36 
0 20 36.00 
100 0 0 1, 44 
’ O 20 144.00 
10 20 1440, 00 
200 9) : 0 6.00 
0 | 20 - 600. 00 
10 20 6000. 00 


rom Table (II) for reliable operation a’: 100 miles the peak 

oe Sl.ould be about 15 KW. The peak power of the prototype is 

nu7i.°? Operation to about) 200 miles is expected but with some 

epi They should be unobjectionable at altitudes considerably 
Sve the horizon even for large T.R. loss. 
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Traffic Handling Capactiy 


The normal Sunetion of a beacon is to reply to two micro- 
second interrogation pulses from scanning radars operating at about 
400 9.p.s. Actually it 1s ofttimes searchlighted by nearby search 
radace with repetition rates up to 2000 p.p.s. This 18 especially 
true for ground beacons located at airports where the distances 
‘nvo.ved are so small that the disoriminator fails to exclude all 
the unwented traffic. in ite normal function of replying to scan- 
niag raiars the traffic handling capacity, in terms of the number cf 
aircral served, ts very high even for a low average beacon duty 
cycle ai will presentiy be shown, But in the event of tndiscrimin- 
Bte seacchlighiing the capacity 1s enormously reduced. The case of 
Tne airborne beacon i8 simplified because it 1s generally far 
pnough removed fron racar eyetems that its discriminator excludes 
eearen pulses, Consequently tne average duty cycle is low, permitt. 
ing the use of smaller modulators and smaller power supplies than 
hré ordinarily required for e ground beacon 


To determine iow much traffic a beacon will handle it is 
necersary Lo consider firet the effect of a number of systems search. 
_.gh'iing the beacon simultaneously, and next to calculate how many 
Bianiing systems on tie average correspond to the number search- 
iigh:ing. Since each beacon reply is followed by a 200 microsecond 
pate, all interrogatione failing within the gates are lost. So in 

ene*al the number of replies will be less than the number of 
ntecrogations by the number which are lost in the gates, The 
verage number of interrogators receiving replies {n! for any 

wumler Of searchlighting interrogators (no) is given in figure 2 

‘he repetition rate of the interrogators 1s assumed to be 400 p.p.a 
‘he data plotted in figure 2 are calculated for a switched receiver 
ln which all parts of the scatter band (66 mc) are covered only 

na.f the time. (This 48 not quite the case for the BAS receiver 
o°cause there is considerable overlapping of the regions served by 
Lie switched iacal oscillator; however in a receiver designed 
“<pressly for S-band coverage, the case considered here would be 
iasely approximated, See Section VI1-3 for details on the receiver) 
‘he curve n! is calculated for equal numbers of radars in each baric 
(1.0, position (1) and l.o. position (2)) and curve noe is calculated 
Tor the case where all radars lie in one band (Say 1.0. position (1): 
For any arbitrary dietribution of radars over the band the number n 
will lie bet“een these two extremes. For large value of no, 1 
Approaches £4 and i? approaches 12% corresponding to one’reply for 
each 200 microsecond interval. Fora 4 pip code with 4 microsecona 
pulses Che maximum attainable duty cycle is 1.0% but may be ase jow 
45 .0# depending on the dletribution of radars over the bard, 


‘ t | 4 . t 
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average number of replies lies betveen 6 and 7.5, corresponding to 
an average duty cycle of .Sf, A duty eyele of 1.0% 1s unnecessarily 
large from a tactical standpoint; in addition the demands upon 

the size and power consumption of the modulator and power supply 

for this duty cycle are prohibitive for an airborne set. 


The average duty cycle for an equal number of scanning 
radars will in general be reduced, because the beacon is then 
interrogated only within the beam width of each radar. The beam 
width effective in interrogating the beacon may, however, vary 
over wide limits ~ from 360° at close range to 0° in a null or at 
extreme range. Since the effective beam width depends on so many 
factors; namely, distance, nulls, radar power, and beacon receiver 
sensitivity, 1t 18 impossible to determine an average value to 
cover all conditions of operation. A fairly representative mn 
condition 1s one where the beacon ig interrogated on the average = 
by the full beam width of the radar, which is about for ASG.3, 
On this assumption the traffic capacity 18 scaled up by a factor 
of 24 for spinners randomly distributed in azimuth. Thus an 
average duty cycle of .2% would result from 144 scanners, and .3% 
from £40 scanners. It 18 presumed that the number of radar 
equipped planes in a "Rooster" operation would be less than either o 
of these two cases. 

Actually the number of spinners directed toward the 
beacon is subject to large fluctuations which will at times push 
the duty cycle up to the maximum of 1%. To prevent this, and 
realizing that 1% is unnecessarily large from a tactical stand- 
point, the duty cycle has been limited to some arbitrary value 
(.4% in BAS prototype). With this addition the reply curves 
flatten off as shown in Figure (2). 


Another factor which limits the traffic handling 
capacity is the time allotted to one searchlighter. This time 
becomes smaller as the number of interrogators grow. If there is 
only one, 1t will receive 650% reply, because a switched receiver 
18 employed. The permissible number isa fixed by the least response 
necessary to give a clear indication on the radar's indicator - this 
48 arbitrarily taken to be about 30%. In figure (2) 168 shown the 
percent reply R to one interrogator as a Sunction of n, for D.C.L. 
adjusted to .4%. Two cases corresponding to nj and No are given, 
From figure 2, for 30% minimum response the maximum number search- 


lighting the beacon should not exceed 10, or the number scanning 
about 240, 


| The average response to an interrogator might be expected 
to be 6Bubject to large fluctuaions. For example, if all search- 
iighters had exactly the same repetition rate, the configuration 
established in the first 2500 microsecond interval would be main- 
tained and some systems would receive full reply and others none. 
Fortunately, the repetition rates are distributed over a interval 

of about 400 * 10%, so one can reasonably expect enough 
reshuffeling in about a second to give average values which do not 
depart much from values given in figure 2. For scanning radars there 
i6 added reshuffeling due to the various soanning rates. 
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A severe teat of the D.Cc.L. was given the BAS prototype ° 
When 1t was tested as a ground beacon at Deer island with the ASG 
Tadar Although the discriminator was adjusted to exclude 1 micro- 
ond pulses, the circle of confusion (see Section (VI)) for 
Der one 1 microsecond pulses from East Boston Airport included 
Yeer Island. With a random searchlighting and scanning by 400 and 
4% P-p.8, radare the duty cyole was maintained continuously at 
an, Under these conditions the beacon was followed out to 116 
autical miles with a clear P.P.I. display, and with no more fading 


han ig attributable to "nulls". 


SECTION VI 


Cin) | 
vircle of Confusion - Disorimination 





The specifications for BAS call for pulse width discerimin- 
eacon replies to & 


Microsecond interrogation pulses but rejects 1 microsecond search 
rbhbided The’ main function of the discrimination is to decrease the 
meee duty cycle of the beacon: However, it 16 also a security 
rvfure in that the beacon 1s not wantonly interrogated by search 
adars-..the enemy could determine azimuth from euch interrogations. 


" 4g defined by the radius within 


The " nfusion 
Girole of conf fai trip the Acadea, A 


Which one mior h pulses W 

Uiscrinination limit 16 fixed by the point where strong one micro~ 

Sted, Search pulses appear as bwo microsecond pulses due to pulse 

5 Tetohing in the receiver. The degree of discrimination can be 

lefined as the difference in r.f. power levers of a tangential 

fe microsecond pulse and a one microsecond pulse atrong enough to 

vee discriminator adjusted to accept, the eee ab. are te 
n of BAS, defined in this bag od past Ga can be calcul- 


ateq musion d for a peak radar powe 





Pip Gg 


from the equation 
rie 


am 


mere G Tel 5 the beacon receiver 
is the beacon antenna gain: 1s 

Senai tivity and D is the disorimination 46 defined eee Re 
5 cliple. for operation with ASG; p= 25 KW, Gp = S00, SB 

X 10710 watts ana D = 108 (60 db), the cirele of confusion 18 
8¢ S a.miles, The measured circle of confusion was 2 miles for 
plid firing The discrepancy between this value and the 
r receiver sensit- 


Cheor : z 
“®oretical valut oubtedly due to a BA ghy 
Value i8 und y See Seation (IX). 


o , ; 
This is a aignal & times noise (r.m.e.) 
BF 
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Components 
1 The Antenna 


Neny demands ara tinposed upen an antenna ayetem which will 
saviefy the technical and military requirements outlined in Seotion 
VtEF). <A desijmn which givee horizontal polarizetion, tomplete 
coverage in azimuth and a large vertical beam width, ie the stacked 
Gipole antenna ‘hown in figure (3), For thia antenna, with the 
djpoles spaced one-half wavelength, the gain is. approximately equal 


' to the number af elemente N, and the vertical beam width to one-half 


power la ue The broad beam, at least 40° to half? oower, and smal.) 


antenna size to reduce drag are consistent, bul impose limitations 


On the antenna gwain--which must then be Leas than three, In practice 
4% ia difficult to realise the free space beam width without mounting 
tne antenna far from tha sirplane, In general it 16 to be sxpeotea 
thal, the beam width, and consequently the gain, will vary with 
azimuth in an onprediatable manner depending on the physical surround. 
Ltige, dleposition of wings, ete 


To minimise the sise of the antenna, duplexing 1s employed, 
i.e, @ single antenna serves both for recelving and tranemliting 
The single antenna can be made broad band tio cover the necessary 
fanwe Se56-3356 mo with = standing wave ratio in power not exceeding 
L.7 anywhere in the band. 


A number of antennas of gaine, 2,5, and G were tried They 
Were mounted of the under side of an ATI1 and could be raised or 
JoOwered tO determine the reécuielte distance from the airplane. ee 
Meure 4. While tneuffiejent teste were made ta determine the best 
Bain and distance, it wes found that a 3 dipole antenna mounted at 
teaet i2 in, from the fuselage to the first dipole gave good results 
With thie arrangement thie beacon could be interrogated when the 
airplane wes in a 20" bank turning away from the radar, but was lost 
when 1) banked toward the radar due to the shadow cast by the wings. 


&, Duplexer-blixer 


A GL4465 in’a special radial cavity is used both for dupley 
ing and mixing, A drawing of the cavity Le shown in Figure © and 6 
photograph in figure 6, | 


The Operation of the cavity as a duplexer oan be understood 
from Figure (7), The T-junetfon 4a an odd number of quarter wave- 
Je@ngths Trom the 'tathade of the GL446, with abovwt ons quarter waeve- 
-engtih of this between the cethode and & point on the-grid Just 
Yee ihe glass of the tube The magnetron ia effectively an 
AMVegPal number of half wavelengths from the T-junction, For 


recelved B2enels, the CAFity Sreeense & Low Lipedance ané the magnetron 
J Ww 


PMegents a.Wigh iiipadance af the T-Junefiony congegquently, the ~ 


¢ , s,- — 




















Ye 
aeetved power which can be attribu 


Pe 
Wired bandwidth specified above were 
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an | 
eres Beer a low impedance looking into the cavity. 
Sees ah ed signals, the GL4¢6 drawe grid current, 80 the magnetron 
igh impedance looking into the cavity. An estimated loss in 
ted to duplexing 1s less than | 


r into the cavity 16 about 


For the strong 


db: 
Me and the loss of transmitted powe 


Mixing takes place in the cathode-grid cavity as shown in 
out on the radius 


PI 
of the (7), The Bignal input which occurs half way 
Cavity is at a position of voltage maximum, and the local 
is down about 


O8e 
illator which is a bit further out.on the radius, 
4s taken off the plate 


On 

Of the ne of the voltage maximum. The I.F. 

(MoNaii L446, The local oscillator excitation, supplied by a 2k2s 

from —ahh 4s about 20 mw. The noise figure of the cavity varies 

enda -) Gb above KToF at midband, 3300 mo, to 23-25 db at extreme 
of the scatter band. 


ess than 10 due to tight coupling 
lating is necessary, and a soldered 
mplished with a single 
since the tube 


| The Q of th ity 1s 1 
an e oavity 
sone peotron loading. No silver p 
Screw ction is permitted. Tuning is acco 
aay should be done while the magnetron is on, 

Or may be affected by the magnetron power. 


ube mixer would give an 


At first sight it appears that 4 t 


Uunw 
hy arrented logs in receiver sensitivity over what one might get,. 
R, box and a crystal mixer. How-~ 


ore tpn with a broad-banded T.H. 
38 mo fT happe’s that the noise figure of the first stage of the 
even nitty competes with the noise figure 
level ha orystal the first I.F. would atill determine the noise 
-» In addition, the tube mixer has & conversion gain of about 
» requiring less gain in the 1.F. stages than would be required 


Lo 
"8 Crystal mixer. 


5, 

BAS Receiver 

ha The scatterband of magnetron frequencies on the S-band 

Peosr ee” Specified as 66 mc. centered on 2300 mc., 80 that the 
Yer, in order to cover thie band in spite of momentary drifts 


inaccuracy of adjustment, must be designed to repond over & 
a minimum of 70 or 76 mc. 


814 
poe larger range of frequencies, 
ceiver must also present to the discriminator & pulse whioh 
t power as possible, 
at a relatively 


Tet, 

So @ing its shape over as wid 

short ¢ @ system using 1 miorosecond search signals 

| distance from the beacon will not trigger 1t by appearing sada 
It 18 very desirable 


ae 

So be crosecond beacon interrogating signal. 
Qnd w able to use one antenna for tranemitter and receiver for space 
the Slght requirements and aleo for ease of placing the antenna On 
Pege rane. See figures 6 and 13 for views of r.f. plumbing and 
Sliver Strip. | 

e of 100 miles, the choice of superhet~ 
9 was indicated. See section 

e means of covering the 
available, for purposes of 
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interchangeability between S and .o-band beacons, the receiver for 
BAS wae tiade to cover about 110 me. , which is the cov erage required 
on A-band, and obviously more than enough for the S5~band. 


By means of electronically switching the frequency of the 
local oscillator between two points correctly selected, the 110 mc. 
is covered with an 1.f. bandwidth of 35 mc., properly centered, as 
shown in the figure (8). . 


Thus the receiver covers the whole band in four "side- 
bands", and as long as the switching rate is less than half the 
minimum repetition rate of the interrogating signals, the beacon will 
respond to an interrogating system about half the time. 


The use of a single antenna for receiver and transmitter, 
which obviously'has great advantages in an airborne system, was made 
possible by the use of tube mixer, which is discussed in detail in 
Section VII-~2. Although the GL446B tube mixer gives a noise figure 
for the receiver which is worse than a crystal mixer, theoretical 
data showed that sensitivity would still be considerably above that 
required (10-9 watte). 


The fact that the local oscillator was to be switched 
between two frequencies which were necessarily quite critical 
required the accurate measurement of these frequencies, and also 
required a rough check on whether the local oscillator was putting 
out about equal power at the two frequencies. A single S-band . 
cavity was used for this purpose after being modified to allow it to 
be set mechanically at the two specified frequencies and also at a 
point approximately midway be-ween these frequencies. A secondary 
coupling loop in the l.c. cavity was used to couple power to the 
wavemeter. 


Figure 9 shows the circuit used to switch the l.o. 
frequency. The functions of the various controls and the resulting 
wave-shape of the output are as follows: 


The switch is ganged with the 50K pot., so that turning the 
pot all the way down opens the switch. The output lead, a 

tap on the 60K pot., is connected to the 1.0. reflector, 

which draws practically no current; therefore, when the 

switch is open, the reflector will be at ad.c. ‘evel controlled 
by the 25K pot as shown in Fig. 10A. When the switch is 
Closed, the 6J6 multivibrator puts out a rough square wave 
(Figure 10b) of about 150 c:p.s. repetition rate; the GAKS5 
cathode fcllower acts to clip the top and bottom of this 
Square wave, giving the wave shape shown in Fig. 100. It is 
seen that the more negative level of the square wave is still 
that originally set with the 25K pot. Therefore the level set 
with the 25K pot. is independent of the adjustment of the 50K 
pot., although the reverse is not true. 


| The 1.f. amplifier shown in Fig. 11 uses eaves Btages of 
6AK5's in a circuit known as "shunt-series peaking". It gives an ' 
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overall 1.f. gain of about 86 d.b.., id & Dass : irom 
about 10 to 45 mc. EHasentially, the interstage coupling cirouit is 
& Video-jiype circuit which 1s simply extended to give a band-pass of 
a few kilocycles to 45 me. In order to prevent the 1.f. pass-band 
from overlapping into the astual video pass-band of the order of 

two mc., a filter is introduced into each cathode, which results in 
sharp degeneration for frequencies below 10 mc. Thus an actual 1.f. 
amplifier results, and in spite of the loss of the first 10 mc. of 
the possible pass-band, the advantage of this type of circuit over 
any other type now known is still large. Theoretically, the result- 
ing pasa-band should be perfectly flat, but actually, the ourve is 
more like that shown in Figure 12. 
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The fact that there is an actual variation of 4 to 6 db. 
gain over the band is not objectionable, since sensitivity is still 
more than enough at the lowest point. Although the 1.f. passe-band, 
because of its shape, probably does introduce ringing on al micro- 
second pulse, this ringing is at a very high frequency, and never 
gete through the narrow-band video which follows the second detector, 


Since, in order to bring the noise up to the desired 10 
or 15 volts, and obtain the best sensitivity possible from the 
receiver, an overall receiver gain of perhaps 150 db. 1s required 

(not counting the loss in the second detector), the video must 
provide about 50 db. of gain, and a bandwidth sufficient to preserve 
the shape of the pulse over wide ranges of amplituce out of the 
second detector, (See Fig. 11 for circuit diagram of video 
amplifier), In other words, the video must not "stretch" the pulse 
for large, signals. This "stretching" phenomenon and the various 
possible ways of overcoming it are des»ribed in detail by 

M. F., Crouch*. The video circuit is fairly conventional except in 
the use of a small coupling condenser in the output stage, which 
greatly reduces microphonics, and also introduces a large, but 
reasonably short overshoot. There is also no provision for a power 
output stage, so that care has been taken not to load down the 
output of the receiver with any cable or unnecessary stray capacit- 
ance. The resulting "stretching" characteristics of the receiver 
seemed fairly satisfactory in bene’ tests, about 60 db. between 
minimum 2 sec. signal and maximum 1 miosrosecond signal which would 
not trip the beacon. This discrimination factor depends greatly on 
the discriminator circuit and particularly how the receiver is 
coupled into the discriminator. 


4. Discriminator 


The function of the discriminator is to reject 1 micro- 
second search pulses and accept two microsecond interrogation 
pulses*, (For a disou;sion of the tactical need for discrimination, 
and definition of terms see Section (VI). A circuit diagram of the 
discriminator 1s shown in Fig. 14 and a block diagram with wave 
forms is shown in Figure 15. 





The basio cirouilt component in pulse width discrimination, 
&s employed in BAS, is the integrator V1. In this stage a negative 
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pulse from the receiver r the tube non-conducting, provided . 
the amplitude of the input signal is equal to or greater than E,,,_, 
the amplitude required to drive the tube to cut-off. A "drooling' 


pulse is then formed at the plate whose amplitude is proportional 
to the pulse width for amplitudes greater than Eqgyyn; and whose 
slope, essentially constant for the emall times involved, is 
determined by the RC time constant. The wave form at the plate of 
VL is shown in Figure 15, The constants of the integrator stage 
are selected so that Enyyp 18 about two or three times nolse at the 
Output of the receiver. The bias on the amplifier Ve following 

the integrator stage is adjusted so that it conducts for signals 
whose duration is two microseconds or longer and whose amplitude is 
equal to or greater than E in The negative pulse from the output 
of the biased amplifier triggers the one-shot multivibrator V5, On 
the output of VS a negative gate is formed whose amplitude is 
independent of the strength of the beacon interrogating signal. 
This output pulse 1s fed to the duty cycle limiter (D.C.L.) stage 





in the coder. To increase the degree of discrimination, stretch- 


amplitude-compensation’ has been added. This 18 indicated in Fig. 

15 by the dotted line around V,, An amount of "feed forward" 

through the .Ol,gf condenser (Figure 14) 1s provided which is 
proportional to the amplitude of the receiver output. The stretoh 
compensation is due to the decrease in the "drooler" amplitude for 
strong pulses. It is important to note that the output pulse from 
the multivibrator stage is delayed in time from the received signal 
by two microseconds. This delay is inherent in this type of eo 
discriminator which waits two microseconds before deciding to accept 
a pulse. 


The setting of the bias on the amplifier stage Vo 
determines whether an output is obtained from the multivibrator V3. 
The normal set-up procedure is to adjust the bias on V2 so that the 
multivibrator trips about 50% of the time for a two microsecond 
signal of amplitude £,4, at the input to the integrator stage. 

This partial firing of the multivibrator for input signals of 
amplitude equal to Enyn is due to the noise which exists on the 
integrated pulse. (See Fig. 15 for the wave forma). | 


From the bench tests which were made on the BAS receiver 
and discriminator, discrimination of 50 db was obtained without 
stretch compensation. This meant that a one microsecond signal 
SO db stronger than a two microsecond signal of amplitude Enin 
would trip the discriminator. It should be noted that the receiver 
stretched the =ne microsecond signal to two mioroseconds at tlie 
50 db point. By using the scheme of stretch-amplitude-compensation 
it was possible to increase the discrimination to 60 db. Ina 
number of field tests the "circle of confusion" was found to be 
about 2 miles, 


5. Aural Monitor 


One of the tactical requirements of BAS is an aural 


monitor which enables the beacon operator to listen for radar 


signals with the beacon transmitter turned off. Two monitoring 
points are provided: one on the output of the receiver which accepts 
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all radar interropations, and one on the output of the discriminator 
which accepta only beacon interrogeationge. Consequently the beacon 
Sperator can be in touch at all times with all radar traffic within 
ange of the beacon, and turn on the transmitter only when beacon 
nterrogations are present. A monitoring jack, and a transmitter 
eh are located on the remote control box for ready accessibility, 
block diagram of the monitor cireult is shown in Fig. 15, and a 
er eutt diagram in Fig. 14. To keep the capacity loading of the 
Bere ver as small as possible the amplifier V7? ts cathode-to-cathode 
ponies with the integrator stage in the discriminator. The over- 
Shoot of the received signal, about 20 microsecinds long, 18 
Ree tted in V7 and fea through the cathode fol..ower V8 to the ear- 
Phones. In monitoring interrogation pulses, the output of the M.V. 
Stage V3 1s feed through V8 to the earphones. 


ae Field tests show that 1t 18 possible to get an indication 
the amount of radar traffic from the audio monitor system; but 
Cause of the beat notes produced by the frequency of the interrog- 
ation signal ana the frequency of the receiver switching, it is im- 
te Le to Jdentify a given plane by the pitch of the signal from 
€ audio monitor. 


6, Radar Blanker Circuit 


y the BAS in some planes, 
he plane's own beacon by 
a by a video pulse from 
main bang and also 


Since a radar set may accompan 


it radar, A 20 microsecond gate initiate 
t © radar renders the beacon insensitive to the 
© strong echoes. 


15 A block. diagram of the blanker circuit is shown in Fig. 

- The operation of the olrcuit 16 a8 follows: A positive video 
Ware from the indicator central of the radar set is amplified in 
fre This negative pulse triggers the multivibrator Vo. Coupling 
oa the blanker to the discriminator is done by means of the 

Witch tube V6, 

be This blanker circuit has been bench teeted and found to 

C Very satisfactory, It has not been field tested because no 
plete beacon and radar installation has been made simultaneously 


he same plane. 


?. Bas Coder 


The beacon response to radar interrogation must have some 
area Of code to identify the beacon ana to make it clearly discerm- 
a from radar~echo signals. for this 'reason the beacon response 
Ungenee coded 1.e,, the beacon anewers the interrogation aaslivs 

elayed pulse followed by 4 series of delayed pulses, appearing 


at the radar scope as a series of signals of the same azimuth, but 
di fferent range a, 


essentially a circuit for generating 
ference between various kinds 
4t used to obtain this delay. 


964-)] 9 


dele A beacon coder 1s 
yed pulses; the fundamental dif 
SOderg lies in the type of circu 
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an the case of BAS the usual seri ration delay circuits 

has been replaced by a series of oVerdriven amplifiers, because this 

type of coder 1s more adaptable to remote control of code setting. 
See Figure (17). 





Distinguishable Codes 


The BAS coder has two variables which can be controlled 
to obtain different codes; namely, the number of code pips, and the 
Bpacing between these code pips. The maximum number of code pips 
| is 4, and the spacing may be either short or long. The total number 
| of different codes available from such a coder 168 15. However, this 
| number is decreased by certain limitations placed on the code. 
ft mince a single pulse might possibly be confused with radar echoes, 
4t is necessary for the code to have at least two pulses. Also, 
unless both short and long delays appear in the beacon code display 
on the radar scope, there may be some doubt as to whether the 
delays between pips are long or short in a code naving equally 
spaced pips. Thus, two codes of the same number of pips, one having 
all short delays and the other all long delays, are not considered 


distinguishable. This reduces the number of distinguishable codes 
to ll. 


Circuit Operation 


A block diagram of the coder and waveforms are shown in 
Figure 16, and a circuit diagram in Figure 17. The input stage V1, 
Operates in conjunction with the duty oycle limiter and will be 
treated in Section VII-8, Vo is all,V. stage forming a negative 
gate about 200 microseconds long. This gate serves the purpose of 
triggering the coder, and of the protecting the coder from further 
triggers until the last of the delayed pulses has been transmitted, 
The succeeding stages Va-(a), Va-(b) and Ve-(a) are the delay 
stages; they form the three delay periods of the 4 pip code. The 
principle of operation of a delay stage can be deacribed with refer-~ 
ence to Ve—(a). Since its grid is tied to B+, the tube is normally 
| conducting. The M.V, negative gate coupled to the tube through a4 
differentiating condenser, turne the tube off until the condenser 
has discharged through the grid lead. The recovery time of this 
grid circuit, which determines the delay of the stage, is dependent 
upon the values of R and C of the circuit and upon the magnitude 
of the positive voltage toward which the oontrol grid recovers. 
By setting this positive voltage either at 250 volts or at 60 volts, 
a recovery time of 12-15 microseconds or 55-45 microseconds respect- 
ively, may be had. See Figure 18. Since only a change of DC 
voltage is necessary to control the code delay periods, the switch- 
ing of the code may be easily accomplished at a remote control box 
without any trouble from cable capacities. The large positive 
pulse with a steep lagging edge that appears at the plate of the 
delay stage V3-(a) triggers a similar delay stage through another 
Gifferentiating condenser. Since the delay stages have positively 
blased control grids, the positive part of the differentiated 
pulse does not affect the tube; but the negative part triggers the 
second delay stage. Thus, except in the first instance, each delay 
stage ie triggered by the lagging edge of the plate pulse from the 
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preceding satage. 


The two positive pulses from Vz-(a) and Ve-(a) are fed 
through a coupling circuit to the control grid of the firat 
collector, Vs-(b), The pulse trangformer in the plate circuit o 
this triode has a core which quickly saturates, and this causeé 
pulse transformer to differentiate the two 12-18 or 35-45 micro. 
second pulses that pase through its primary winding The resulting 
four pips, alternately positive and negative, thus correspond to 
the leading ana lagging edges of the two positive pulses from the 
delay stages. The two Output windings of the pulse transformer are 
connected for different phase outiput and drive the two gride of a 
double triode in a blocking oscillator circuit Ve. The blocking 
oscillator acts as the second collector and provides pulses of 
equal amplitude to drive the cathode follower output stage, V9. 
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To obtain codes of two or three pips, some electrical 
arrangement 18 necessary to remove the last pip or the last two 
Pips The latter is accomplished simply by removing the plate 
voltage from the last delay stage, V5-(a) go that only a singles 
positive pulse from the plates of the first delay stage reaches the 
grid cf the first collector. Vs~(b), 


In order to have a three~ ‘ip code, it is necessary ta | 
shorten the recovery time of the third delay stage Vse~ia) until ite 
long plate pulse is reduced to a 1-2 microsecond pip. Such a pip 
will not be differentiated by the pulse transformer in the plate 
clrcuit of the first collector but will pass on to the second 
collector as a Bingle positive pulee Thus, a three-pip code ~ 
derives the first two pips from the first delay stage, and the las! 
pip from the third delay stage. The recovery time of the grid 
circuit of the third delay atage Vew(a) is shortened by connecting 
the grid to the cathode o? Va through a resistor. The plate of V4 - 
is grounded. When a three-pip code is desired, its grid ‘8 ground 
potential and the tube acts as a diode, allowing the differentiating 
condenser in the grid circuit of the delay stage to recover very 
rapidly If a four-pip code is to be used, the grid bias of Va 18 
ewitched 150 volts negative and it no longer affects the operation 
of the delay Btage. It will be noted that only a change of DC 
Voltage is necessary to control the number of pips; this can easily 


be accomplished by a&@ simple switching arrangement at a remote 
control box. 


’a. Distress Signal 


The specifications of BAS oall for a distress 8ignal--a8 
Signal which woulda instantly distinguish itself from the usual code 
display. For this reason it was not sufficient to reserve one of 
the codes for use as a distress signa). 


A Bimple type of distress signal, easy to accomplieh 
Plectrically, may be had merely by "jizzling" the last three coda 
plps; i1.e., by contirualiy varying the time delay of each of the 
lust three plps over a ranve of some 35 microseconds. The delay le 
Varied by “hanging the DO voltage towar? which the control eytq at 
wie 18t delay stage V5-(a) reoovera, A 409 cyole AC voit 
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power traneaformer condenser coupled to the DC point swings the DC 
level over the required range. Since the other delay stages are 
triggered by the lagging edge of the pulse from the first delay 
Btage, the last two code pips follow the time shifts of the second 
pip. The display of such a system appearing on a PPI scope consists 
Of a single undelayed pip followed by a series of sine waves the 


amplitude of which is determined by the range of time delay variation. 


The number of cycles of sine wave appearing on the PPI depends upon 
the scanning speed and beam width of the interrogating radar. 


8. Automatic Duty Cyole Limitation® 


A circuit diagram of the duty, cycle limiter 16 shown in 
Figure 17 and a block diagram in Figure 16. The provision for 
automatic duty cycle limiting consists essentially of two circuits; 
& circuit which develops a bias proportional to the duty cycle, and 
& second circuit to which this bias may be suitably applied. 


The bias developing circuit is comprised of a buffer 

amplifier, Vo, which prevents serious loading of the coder, and a 
diode rectifier, Vg. The rectified pulses develop a negative bias 
at the diode plate which is filtered in the diode output oircuit, 
The long time constant of this filter cirouit tends to allow the 
beacon to give full response to momentary overloads. Proper adjust- 
ment of the constants of the olrouit prevents the bias vs. duty 

| cycle curve from flattening off at a relatively low recurrence rate 
and allows good potentiometer control of the duty cycle at any 
Value from .05 per cent to 1 per cent. | 


This bias must be applied in such a way that at high duty 
Cycles there will be no discrimination in favor of strong interrog- 
ating signals from nearby radars. This rules out the method of 
applying the bias to desensitize the receiver. The bias must be 
applied to some circuit in the beacon having a constant amplitude 
input signal; the input circuit of the coder is convenient for this 
purpose, A cathode follower circuit V4-(a) 18 used because 1t ia 
insensitive to video pickup and because it provides a negative 
pulse suitable for diode coupling (V,-b) to the multivibrator gate. 
Ag the duty cycle becomes large, the duty cycle bias cuts off the 
Cathode follower V}-(a) and the coder cannot be triggered again 
until the bias goes down, A diode is used to couple the cathode 
follower to the coder gate circuit. When the coder gate is fired, 
the plate of the dlode is driven negative and no trigger can get 
through the diode until the gate circuit recovers. | 


9. BAS Modulator 


The BAS modulator consists of an 807 blocking oscillator 
tube driving two 829A amplifiers in parallel, the output of which 
is atepped up by a 1:2 pulse transformer and applied to the cathode 
Of the magnetron. By using the 829's as constant current tetrodes, 
the modulator transmits pulses of constant amplitude for all rates 
Of beacon interrogation up to 0.4% duty cycle and about 10% change 
in line voltage. See Figures 19, 202). 


The 807 blocking-oscillator is triggered from the low 
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Impedance cathode follower outout whieh conelste of a series of 
positive pips formed by the coder. The poeitive pulas of about 170 
VOLts is coupled by means of the condensers in the delay line to the 
grid winding of the 5.07 pulse transformer. As the grid is driven 
more positive than cutoff, plate current flows which induces a 

; voltage in the grid winding such that the grid is driven more 
positive At the same time a negative wave is sent down the delay 
line, is reflected, and returns to oppose the positive drive on the 
grid. The drop in plate current caused by this reflected voltage 
together with the tube saturation induces a negative voltage in the 
grid winding which quickly drives the tube past cutoff The Lins 
conetante are such as to make the length of the pulse 0.0 micro- 
peconis. The third, or output, winding on the B.O, pulse trans- 
former inverts the negative pulse on the plate and feeds «& positive 
pulse of S60 volts amplitude to the grids of the 829's. The 1.5 
1 step-down ratio of plate te output winding gives a low impedance 
source to drive the low impedanoe load presented by the grids of 
the 829A's in paraliel : 


The ratio of voltage to current of the pulse applied to 
ie Magnetron is determined by the magnetron characteristics, A 
Lypical operating point for the 2J58 magnetron is 5 amps peak 
current, & kv peak voltage. Depending on the magnetron used, the 
power output will lie between the 2 kw and 4 kw. 


Using the above values in a numerical example, we find 
that to produce such a pulse in the escondary of the pulse trans 
former assuming 100% efficiency the pulse in the primary of the 
plates of the S29A's must be 6 amps and 2.5 kv. However, the 
pulse transformer efficiency is about 70%, so that the peak current 
ig more nearly 8.6 amps. for regulation the drop across the 829A 5 
must be about 800 volts requiring 2500 * 800 = 5500 voits from the 
high voltage supply. For a_0.4% duty cycle the average high 
voltage current is 8,6 x 10% x 0.004 = &4.4 ma For any smaller 
duty cycle the applied high voltage and tube drop will be greater 
due to non-regu’ ation, but the output pulse will remain quite 
constant 


The chief advantage in using this type of modulator is 
that a relatively low voltage is ueed on the hard tubes for produc- 
ing a regulated higher-voltags pulse The prime requisite for 
regulation 16 a regulated screen voltage, which 1s supplied by an 
807 shunt regulator, and is variable to control the peak magnetron 
current and consequently the r f. output of the 258, 


{ 
LQ. Tranemitter 


The tranamitting tube used tn BAS is the 2J58 magnetron 
Ite average characteristics are given in Figures 22 and 25 While 
its power output (about 2 kw under the operating conditions of BAS) ' | 
is greater than what is required for LOO mile range, it ‘s the 
only low Voltage S-band tube in production Its only competitors ; 
are the GL446 and GL464 triode transmitters which give outpuls under ' 
what) le required for religble operation. 
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tube r The r «Tl. Tre qu ency 46 atabilizea by thermostat Ling the 

an. he addition of a holding cavity appears unnecessary to 

tan the required stability. The frequency 4s stabilized to 

ny nil.0me for a .4% change in duty cycle and 25°C about any 
ent temperature within the limite ~40°C to +500C, 


to beacon frequency (5256 me} 
ides a variable reactive 
ube in the band 9.180 to 


ey The frequency is adjusted 

 / of a single stub tuner which prov 

9 290. the tube With this device any t 
; can be pulled to spot frequency: 


11. Remote Control Box 

24 18 provided for remote 
placed as much as 20 feet 
provided: 


Cont A control box shown in Figure 
fro Tol of the beacon. This box can be 
m the beacon. The following controls are 


l--on-off power switch. 

Q--switches for setting all code combinations. 

BeeVigual indication of all codes. 

4--au'al monitor jack for ear phone. 

B--aural monitor volume control. 

Gawmon-off gwitech for transmitter. 

n.-switch for distress signal. 

8.-switch for connecting aural monitor to interphone 
system of aircraft. 

The code 1s indicated by lamps which illuminate rectang- 

oy Blits in the cover; thus if alternate slits are bright the 

ore 48 1111 (read: one, one, one, one); if the firet two are 
ht, the next one dark, and the next two bright, the code 1s 
read: two two) etc. 


SECTION VIII 


A.C, ana D.C. Power Requirements 
and D.C. power requirements of 


i In table (III) the A.¢. : 
the Bas | duty cycles and 
prototype are tabulated for a number of y cy | 

ut that these require- 


rif j 
>I. power outputs. It ml ht be pointed o 
a : tine power supplies. In a beacon 


Mente oan be reducet } 

ed by consolidat | | 
cagineered to consume minimum power, the total power consumption 
4n be hela to 300 watts for 2% auty cycle and 2KW peak power. 
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C D.C.) weattea for BAS 





0 350 0 260 90 
O58 2 560 10 20 90 
J q 2 370 20 280 90 
e a 590 40 800 30 
4 re 430 Bi 540 70 
ro 5-9 428 - 75 335 90 
4 Buf 500 _ 150 410 90 


SECTION IA 


Flight Tests 


The flight tests were made with BAS mounted in an AT-11 
as shown in the frontispiece. Both duplexed and separate antenna 
systems were tried, The entennas were mounted.on the under side of 
the piane and were made retractable so that the distance from the 
fuselage to the antenna could be varied. A typical antenna install 
ation i6 shown in Figure (4). The radars used in the tests were the 
DMS-1000 (installed on the top floor at East Boston) 1n ground -to- 
plane runs and the ASG-3 (installed in an AT-11) in plane-to-plane 
: rung, One test was also made againet the ASG-S with the SAS as a 

ground system at Deer Island to investigate ite possible use as a 
ground beacon 
















_ The operating conditions of the equipments “ere the folilow- 
ing: The DMS-1000 operated at 9,11 om with 20 db T.R. loss for 
beacon 6ignals, and the ASG-3 at 9.17 em with 10 db TR. ioss. in 
the one planée-to-ground teat the ASG-3 operated at. 9 05 with about — 
SO db T.R, loss. The peak power of the DMS-1000 was about 25 KW and 
that of the ASG-5 $0 KW,’ The radar receiver sensitivities, judging 
by search performance, were greater than i07/© watts. The peak 
power of the beacon was 3 KW and the receiver sensitivity 5 X 10-10 
waite The duty cycle was limited to .4% by the duty cycle control 
The flight teets of BAS are summarized tn Table IV 
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